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Abstract

This study investigates the environmental and economic effects of utilizing renewable energy to
reduce carbon dioxide emissions and improve operational efficiency in Red Sea ports, focusing on
Ain Sokhna Port as a case study. The research aligns with the growing global emphasis on
sustainable maritime operations and mitigating the environmental impacts of port activities.

The study employs a descriptive-analytical approach to examine the influence of renewable energy
sources, such as solar and wind energy, on the environmental and operational performance of
ports. Data were collected via a questionnaire distributed to workers in Red Sea ports and other
stakeholders.

The research identifies four key dimensions of renewable energy utilization: solar energy, wind
energy, hydroelectricity, and bioenergy. These dimensions represent critical resources for
sustainable and environmentally friendly energy generation. Solar energy, widely adopted for
electricity generation in seaports, has been shown to significantly reduce dependence on electricity
derived from fossil fuels. The findings highlight that solar energy significantly will contribute to
reducing carbon dioxide emissions in Ain Sokhna Port. Similarly, wind energy was found to play a
crucial role in emission reduction, while hydropower and bioenergy also demonstrated substantial
positive impacts on mitigating carbon emissions.

Overall, the study concludes that all forms of renewable energy—solar, wind, hydropower, and
bioenergy—rpositively influence emission reduction and enhance environmental performance

The study recommends expanding solar energy projects in Egyptian ports, particularly in coastal
regions with high solar radiation levels. It also advocates for investment in advanced wind turbine
technologies to enhance efficiency and their role in electricity generation for marine facilities and
industrial activities associated with ports. Additionally, projects converting industrial and
agricultural waste into bioenergy should be supported, as they simultaneously reduce waste and
emissions. Investment in energy efficiency systems is advised to minimize fossil fuel consumption
and emissions.

Furthermore, the study recommends implementing carbon capture and storage (CCS) technologies
in ports heavily reliant on traditional energy sources. Finally, developing environmental
performance indicators to monitor the effectiveness of renewable energy in reducing carbon
emissions is essential for sustainable development.
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